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SYSTEM AND METHOD FOR GENERATING 
PSEUDORANDOM NUMBERS 

TECHNICAL FIELD 

The present invention is directed to the generation of pseu 
dorandom numbers. 

BACKGROUND OF THE INVENTION 

Pseudorandom numbers have many applications in com 
munications, testing, and radar systems. Pseudorandom num 
bers are usually generated as a sequence of numbers. When 
generating pseudorandom numbers, it is desirable that each 
pseudorandom number is maximal (random and doesn’t 
repeat often) and uniform, (each number in the sequence 
occurs With the same probability). 
A linear feedback shift register (LFSR) can be used for 

generating pseudorandom number sequences. The typical 
LFSR is a serial shift register that uses feedback taps, such as 
exclusive-or gates, at one or more of the memory cells to 
generate the pseudorandom states. If the LFSR is initialiZed 
in a non-Zero state, it cycles through a sequence of states and 
eventually returns to its initial state. The sequence can be 
varied by changing the feedback taps, or by using a different 
seed value. 
One problem that can occur With an LFSR is When the 

LFSR does not run its full sequence. Over the entire length of 
the sequence of the LFSR, the distribution Will be uniform as 
all values Will eventually occur. HoWever, for a shorter sub 
sequence, the codes generated can lack uniformity. Long 
strings of 0’s or 1’ s can occur in a subsequence of less than the 
maximal sequence, causing non-uniformity. For example, a 
three bit LFSR can be used to pseudo-randomly generate tWo 
numbers [0,1] by taking the value of the least signi?cant bit. 
For the full eight number sequence, Zero Will appear four 
times, and one Will appear four times. HoWever, for less than 
the full sequence, e. g. a six number subsequence, it is possible 
that either value (0 or 1) can appear tWice as often as the other, 
depending on the seed used. 

Another problem With using an LFSR is that a value pro 
duced by an LSFR cannot be used directly When the modulo 
is not a poWer of 2. This is because there Will be values 
produced by the LFSR that are not to be included in the 
sequence. For example, if it is desired to generate a three 
number sequence, a tWo bit, or larger, LFSR can be used. 
HoWever, the tWo-bit LFSR has four possible values; there 
fore, there can be a value generated in the sequence that 
cannot be used. 

SUMMARY OF THE INVENTION 

The present invention is directed to systems and methods 
for generating pseudorandom numbers. The system and 
method can provide pseudorandom numbers that are maxi 
mal and uniform, even When generating a subsequence that is 
less than the maximal sequence. 

In accordance With an aspect of the present invention, there 
is a system for generating a pseudorandom number. The sys 
tem comprises a pseudorandom number generator and a map 
ping system. The pseudorandom number generator generates 
a random number that is mapped by the mapping system to an 
output value that is selected from a set of predetermined 
output values. To increase the randomness of the number 
generated by the pseudorandom number generator, a tap and/ 
or seed value of the pseudorandom number generator can be 
varied. For uniformity, the mapping system associates num 
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2 
bers generated by the pseudorandom number generator to an 
output value from the set of possible output values. 

Another aspect of the present invention is directed to a 
system for generating a pseudorandom delay. The system can 
generate a ?ne delay and/or a coarse delay, Where the ?ne 
delay is a fractional portion of the coarse delay. For generat 
ing the coarse delay, a linear feedback shift register (LFSR) is 
used for generating a pseudorandom number. The LFSR has 
at least one variable tap and a variable seed value. A mapping 
system is used to assign each pseudorandom number value to 
a corresponding coarse delay value. The coarse delay value is 
associated With an interval, the interval comprising a plurality 
of pseudorandom numbers from a plurality of substantially 
equal intervals. The plurality of substantially equal intervals 
is based on the range of the LFSR divided by the number of 
elements in the set of coarse delay values. The system can use 
another LFSR to generate a ?ne delay if desired. The LFSR 
for generating the ?ne delay can also have a variable tap 
and/or a variable seed value. Alternatively, the mapping sys 
tem can be suitably adapted to assign intervals a coarse delay 
value and a ?ne delay value. 

Another aspect of the present invention is directed to a 
system for generating a randomiZed delay for a plurality of 
devices. Each device has an associated delay. Each device has 
a pseudorandom number generator for generating a sequence 
of pseudorandom numbers, Where each pseudorandom num 
ber of the sequence of pseudorandom numbers corresponding 
to a delay factor. The pseudorandom number generator com 
prises a pseudorandom number generator for generating the 
sequence of pseudorandom numbers, a mapping system for 
mapping each of the pseudorandom numbers to a one of a 
discrete number of delay values, and a system for pseudo 
randomly generating at least one of a tap setting value and a 
seed value at the beginning of each sequence of pseudoran 
dom numbers. 

Another aspect of the present invention is for a method 
comprising pseudo-randomly generating a number Within a 
prede?ned range of a plurality of numbers and mapping the 
pseudo-randomly generated number to an output value. The 
output value is based on an interval associated With the 
pseudo-randomly generated number. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other aspects of the present invention 
Will become apparent to those skilled in the art to Which the 
present invention relates upon reading the folloWing descrip 
tion With reference to the accompanying draWings. 

FIG. 1 illustrates a system for generating a pseudorandom 
number in accordance With an aspect of the present invention. 

FIG. 2 is a block diagram that illustrates a pseudorandom 
number generating system in accordance With an aspect of the 
present invention. 

FIG. 3 is a circuit diagram for generating a pseudorandom 
delay in accordance With an aspect of the present invention. 

FIG. 4 illustrates a block diagram of a system using a linear 
feedback shift register for generating a ?ne delay. 

FIG. 5 is a block diagram that illustrates a system for 
generating randomiZed transmit and receive delays in accor 
dance With an aspect of the present invention. 

FIG. 6 is a block diagram of a mapping system in accor 
dance With an aspect of the present invention. 

FIG. 7 illustrates a method for generating a pseudorandom 
number in accordance With an aspect of the present invention. 

FIG. 8 illustrates a method for generating a pseudorandom 
sequence of numbers in accordance With an aspect of the 
present invention. 
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DETAILED DESCRIPTION 

The present invention is directed to a system and method 
for generating pseudorandom numbers and sequences of 
pseudorandom numbers. The system comprises a pseudoran 
dom number generator and a mapping system. The pseudo 
random number generator generates a random number that is 
mapped by the mapping system to an output value that is 
selected from a set of predetermined output values. To 
increase the randomness of the output sequence generated by 
the pseudorandom number generator, a tap and/ or seed value 
of the pseudorandom number generator can be varied. The 
method comprises pseudo-randomly generating a number 
and mapping the pseudo-randomly generated number to an 
output value. The output value is based on the number’s 
interval. 

Referring to FIG. 1, there is illustrated a system 100 in 
accordance With an aspect of the present invention. The sys 
tem 100 comprises a pseudorandom number generator 12 that 
produces a pseudorandom number that is sent along path 1 6 to 
a mapping system 14. The mapping system 14 maps the 
pseudorandom number to an output value OUT selected from 
a set of output values. 

A programmable input PROG is connected to the pseudo 
random number generator 12 and the mapping system 14. The 
programmable input PROG can initialiZe the pseudorandom 
number generator. The programmable input PROG can also 
select a set of output values for the mapping system. 
The pseudorandom number generator can include a linear 

feedback shift register (LFSR) (not shoWn). An LFSR has at 
least one tap and an initial non-Zero seed value. The tap 
determines the sequence of the numbers generated by the 
pseudorandom number generator. When using the same seed 
value, by changing the taps, the sequence of numbers gener 
ated Will be different. For example, an LFSR can have exclu 
sive or @(OR) gates coupled to one or more memory cells for 
taps. The next value of the memory cell of the LFSR is the 
value shifted in exclusive or With a value from another 
memory cell. To increase the randomness of the sequence, the 
taps can be set pseudo-randomly, such as from a set of pre 
determined length maximal taps, by using another pseudo 
random number generator. The seed value is the ?rst value, or 
starting value for the pseudorandom number generator. 
Changing the seed value Will also change the sequence of 
numbers generated by the pseudorandom number generator. 
To increase the randomness of the sequence, seed values can 
be selected by another pseudorandom number generator. 

The LFSR Will then pseudo-randomly produce a set of 
numbers until all of the numbers in a sequence have been 
generated, Whereupon the LFSR Will return to its initial value. 
The sequence canbe varied by changing the tap that is moving 
it to another memory cell of the LFSR, or by changing the 
number of taps used by the LFSR. The sequence can also be 
changed by changing the seed value. The tap and/or seed 
value can be changed pseudo-randomly. 
By using pseudorandom methods for setting the tap and 

seed value for a pseudorandom number generator, smaller 
and less expensive components can be used. For example, a 
12 bit LFSR can have up to 64 different tap values for gener 
ating maximal sequences, Which can be pseudo-randomly 
selected by a 6 bit LFSR. Another 12 bit LFSR can be used to 
pseudo-randomly select a seed value. This results in a ran 
domness of212*26*2l2 or 230. Thus, a 12 bit LFSR, using a 6 
bit LFSR to select taps and another 12 bit LFSR to select seed 
values, can have the same effective randomness as a 30 bit 
LFSR. 
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4 
The mapping system 14 maps a pseudorandom number to 

an output value OUT selected from a set of output values. An 
aspect of the mapping system 14 is to produce a substantially 
uniform set of output values, even for subsequences that are 
less than maximal length. The programmable input PROG 
can be used to specify the number of possible elements for 
OUT. Mapping system 14 can be implemented in hardWare, 
softWare, or a combination of hardWare and softWare. For 
example, an eleven bit LFSR (not shoWn) can be used to 
generate pseudorandom values that are to be mapped to a set 
of output values, Wherein the number of output elements 
varies from 2 to 9 elements. The mapping system 14 can 
assign pseudorandom numbers to an output value by dividing 
the range of the pseudorandom number generator by the 
number of possible output elements, creating a group of sub 
stantially equal intervals. Each interval is assigned a range of 
pseudorandom numbers. 

Table 1 shoWs an example of hoW mapping system 14 can 
map different sets of output values OUT. The output values 
OUT can be selected With the programmable input PROG. 
Each setting for PROG speci?es a set of output elements (eg 
a number of different ranges of pseudorandom numbers). For 
example, When PROG is set to 000 the output elements is 
{0,1 }, a set With tWo elements, and When PROG is set to 101 
the set of output elements is {0,1,2,3,4,5,6}, a set With seven 
elements. 

TABLE 1 

PROG set of output elements (OUT) number of elements 

000 {0, 1} 2 
001 {0, 1, 2} 3 
010 {0, 1, 2, 3} 4 
011 {0,1,2,3,4} 5 
100 {0,1,2,3,4,5} 6 
101 {0,1,2,3,4,5,6} 7 
110 {0,1,2,3,4,5,6,7} 8 
111 {0,1,2,3,4,5,6,7,8} 9 

Once a set of output elements has been speci?ed by PROG, 
the mapping system 14 creates a set of substantially equal 
intervals by dividing the maximum range of the pseudoran 
dom number generator 12 With the number of elements. For 
example, Table 2 shoWs a siZe of the substantially equal 
intervals for the set of output values speci?ed in Table 1 using 
a tWelve bit LFSR. The range of psuedo-random numbers for 
a tWelve bit LFSR is 1-4095. 

TABLE 2 

PROG Number of elements Size of interval 

000 2 2048 
001 3 1365 
010 4 1024 
011 5 819 
100 6 683 
101 7 585 
110 8 512 
111 9 455 

Mapping system 14 provides a substantially uniform dis 
tribution for smaller, e.g. less than maximal, sequences of 
pseudorandom numbers. Mapping system 14, assigns each 
pseudorandom number an output value based on the interval 
of the pseudorandom number. For example, using Table 1, 
When PROG is 000, there are tWo elements {0,1}, resulting in 
tWo substantially equal intervals of 2048 numbers. So, if the 
number generated by the pseudorandom number generator is 
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between 1-2047 it is assigned an output value of 0, and if the 
number generated by the pseudorandom number generator is 
betWeen 2048-4095 it is assigned an output value of 1. 

The intervals created by the mapping system 14 may not 
alWays be equal. When the number of elements of the output 
set is not a poWer of 2, for example, the siZe of the interval Will 
not be a Whole number. For example, for the case of 6 ele 
ments, for a 12 bit random number, each interval Would be 
682.67. One possible solution Would be to use the least sig 
ni?cant bit from a small LFSR to break the set in half ({0, 1 ,2} 
and {3,4,5}) and then a 10 bit LFSR can be assigned groups 
of 3 to select the value from the selected half. Another alter 
native is to create intervals that are substantially equal, except 
that one additional pseudorandom number value Would be in 
the included in one or more intervals. For a large pseudoran 
dom number generator, such as a 12 bit LFSR, the additional 
pseudorandom number value corresponds to a small differ 
ence. 

Using the example given in Table 1, a Worse case scenario 
exists for the smallest intervals, When PROG is 111, Where 
there are 9 elements, and each interval has a range of 455 
numbers. HoWever, since 9><455:4095, thus there Would be 
one pseudorandom number that Would be unassigned. Con 
sequently, one interval needs to include 456 numbers. For 
example, making the ?rst interval one larger, the ?rst interval 
could include 1-455, the second interval Would include 456 
910, the third interval Would include 911-1365, the fourth 
interval Would include 1366-1820, the ?fth interval Would 
include 1821-2275, the sixth interval Would include 2276 
2730, the seventh interval Would include 2731-3185, the 
eighth interval Would include 3186-3640 and the ninth inter 
val Would include 3641-4095. This results in the ?rst interval 
being assigned 1 1.11% of the possible numbers generated by 
the pseudorandom number generator While the remaining 
intervals are assigned 11.08% of the possible numbers gen 
erated by the pseudorandom number generator, or a 0.03% 
difference. While the preceding example increased the siZe of 
the ?rst interval, any of the intervals can be adjusted. 

FIG. 2 is a block diagram that illustrates a pseudorandom 
number generating system 200 in accordance With an aspect 
of the present invention. The system includes an LFSR 202 is 
used to produce a pseudorandom number that is sent along 
path 204 to the mapping system 206. The mapping system 
206 maps the pseudorandom number to an output value 208. 

The taps of LFSR 202 can be set by tap selector 214. For 
example, for a 12 bit LFSR, there can be 64 possible maximal 
length tap settings. To increase the randomness of LFSR 202, 
an additional LFSR 210 can be utiliZed by tap selector 214 to 
pseudo-randomly set the taps ofLFSR 202. LFSR 210 can be 
a smaller LFSR (e.g. having feWer bits) than LFSR 202. For 
example, if LFSR 202 is a 12 bit LFSR With 64 tap settings, a 
6 bit LFSR can be used for LFSR 210. 

The system 200 can also include a seed selector 224 to set 
the seed of LFSR 202. The seed selector 224 selects betWeen 
an external value and a value generated internally, such as by 
another LFSR 220. The selected value is applied to provide a 
seed for LFSR 202. 

A control, J ITTER CONTROL can be employed to control 
the operation of the system 200. J ITTER CONTROL can 
correspond to a programmable value that is provided to tap 
selector 214, seed selector 224 and mapping system 206. 
J ITTER CONTROL can command tap selector 214 to set the 
taps of LFSR 202 When a neW sequence or a neW number is 
about to be generated. Similarly, JITTER CONTROL can 
command seed selector 224 to set the seed of LFSR 202 When 
a neW sequence or a neW number is about to be generated. 
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6 
J ITTER CONTROL can also be provided to mapping system 
206 to set the number of possible elements in the set of desired 
output values. 

In operation, to pseudo-randomly generate a number, or a 
sequence of numbers, J ITTER CONTROL commands tap 
selector 214 to set the taps of LFSR 202. LFSR 210 provides 
a pseudorandom number, Which is used by tap selector 214 to 
set the taps of LFSR 202. JITTER CONTROL also com 
mands seed selector 224 to set a seed value to LFSR 202. Seed 
selector 224 obtains a pseudorandom number from LFSR 220 
and the seed value of LFSR 202 is based on the pseudoran 
dom number from LFSR 220. JITTER CONTROL tells the 
mapping system 206 hoW many elements are in the set of 
output values. Mapping system 206 then creates a plurality of 
substantially equal intervals based on the range of LFSR 202 
and the number of desired output elements. Mapping system 
206 then assigns output values to pseudorandom numbers 
from LFSR 202. LFSR 202 then generates a pseudorandom 
number that is sent along path 204 to mapping system 206. 
When mapping system 206 receives a pseudorandom number 
from LFSR 202, mapping system 206 determines Which 
interval the pseudorandom number belongs to and then pro 
duces an output value accordingly. 

FIG. 3 depicts a circuit diagram for a circuit 300 for gen 
erating a pseudorandom delay in accordance With an aspect of 
the present invention. LFSR 302 provides a pseudorandom 
number to mapping logic 304. Mapping logic 304 then pro 
duces a delay value based on the pseudorandom number 
produced by LFSR 302. Mapping logic 304 can be imple 
mented in hardWare, softWare, or a combination of hardWare 
and softWare. 

Tap Select LFSR 306 sets the taps ofLFSR 302. Tap Select 
LFSR 306 receives external initialization. The external ini 
tialiZation can be a seed value for LFSR 306 or an instruction 
to shift to the next value for example. The output, muxsel_tap, 
of tap selector LFSR 306 is used to control multiplexer 308. 
Multiplexer 308 is used for selecting one of a plurality of tap 
values based on muxsel_tap. The output of multiplexer 308 is 
sent to logic 3 1 0 to implement the selected tap values to LFSR 
302. Logic 310 can store tap and seed values from multiplex 
ers 308 and 314 respectively. Logic 310 can be implemented 
in hardWare, softWare or a combination of hardWare and 
softWare. 

Seed LFSR 312 and one or more external seed values are 

provided as inputs of multiplexer 314 and sets the initial seed 
value of LFSR 302. Seed select LFSR 312 can receive an 
external initialiZation. The external initialiZation can be a 
seed value for LFSR 312 or an instruction to shift to a next 
value. The muxsel_seed is provided by an external source to 
control multiplexer 314 to select a corresponding seed value 
to apply to LSFR 302. Thus, the seed value can be selected 
from one or the external seed values or the internally gener 
ated pseudo random seed from the LSFR 312. The output of 
multiplexer 314 is sent to logic 310 to implement the selected 
seed value to LFSR 302. LFSR 302 thus employs an output 
signal(s) from logic 310 to generate a corresponding pseudo 
random number. The effective randomness of the output 
sequence can be varied by selectively changing the tap values 
and seed values provided to logic 310. 

FIG. 4 illustrates a block diagram ofa system 400 using a 
linear feedback shift register for generating a ?ne delay. Fine 
delay can correspond to a fractional portion of the coarse 
delay. The system 400 canbe used With the circuit 300 of FIG. 
3 or the system 200 ofFlG. 2, Where the circuit 300 ofFlG. 3, 
or system 200 of FIG. 2, produces the coarse delay (e.g. Whole 
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clock cycles or integer multiples thereof), and the system 400 
produces the ?ne delay (eg a fractional part of a full clock 
cycle). 

The system comprises LFSR 402. LFSR 402 receives a 
seed value via the Seed input. The Seed input can be pro 
grammed into LFSR 402 or can be input manually. FinJitter_ 
enable is used to activate LFSR 402 to produce a value, Which 
is output at 404. The siZe of LFSR 402 depends on the desired 
number of output values. For example, if a 1/16 ?ne value is 
desired, then a 4 bit LFSR can be used. Alternatively, a larger 
LFSR can be used With a mapping system (not shoWn). 
As an example, system 400 can be used to generate a 

randomiZed delay, Where the coarse delay represents a clock 
cycle, and the ?ne delay represents a factional portion of a 
clock cycle, Which for this example is 1/16 a clock cycle or 
about 0.83 nanoseconds. Table 3 beloW shoWs a set of pos 
sible delays for each value that can be provided by LFSR 402 
When enabled by control input FinJitter_enable. The delay 
can be broken doWn into a ?ne delay component from 0 . . . 15, 

representing x/16 fractional portions of a Whole clock cycle, 
and a coarse delay component in terms of Whole clock cycles. 
Using Table 3 for example, for control value 010 there can be 
{0,1,2) clock cycles ofdelay plus {0 . . . 15} ?ne delay steps. 
By combining the ?ne delay component and the coarse delay 
component independently, a delay value from 0 . . . 47*0.83 

ns can be produced. 

TABLE 3 

number clock number of 
CONTROL set of possible delays cycles elements 

000 {0, 1,2,. .. ,15}*.83 ns <1 16 
001 {0,1,2,...,31}*.83ns <2 32 
010 {0, 1,2,. .. ,47}*.83 ns <3 48 
011 {0, 1,2,. .. ,63}*.83 ns <4 64 
100 {0, 1, 2, . . . ,79}*.83 ns <5 80 

101 {0, 1,2,. .. ,95}*.83 ns <6 96 
110 {0,1,2,...,111}*.83ns <7 112 
111 {0, 1,2,. .. ,127}*.83 ns <8 128 

As an alternative to the system 400 of FIG. 4, a system 200 
as described in FIG. 2 or a circuit 300 as described in FIG. 3 
can be used to generate the ?ne delay. HoWever, if the ran 
domness of the coarse delay is su?icient and the randomness 
of the ?ne delay is not as critical, the system 400 of FIG. 4 can 
be used in order to minimiZe the number of components. 
Another option Would be to use a system 200 as described in 
FIG. 2 or a circuit 300 as described in FIG. 3 to generate both 
the coarse and ?ne delay. The mapping system (e. g. mapping 
system 14 (FIG. 1), 206 (FIG. 2) or 304 (FIG. 3)) Would then 
de?ne more intervals, Where each interval Would be assigned 
a corresponding ?ne delay component value and a coarse 
delay component value. HoWever, because there Would be a 
substantial increase in the number of intervals needed by the 
mapping system, a larger pseudorandom number generator 
may be needed. 

FIG. 5 is a block diagram that illustrates a system 500 for 
generating randomiZed transmit and receive delays in accor 
dance With an aspect of the present invention. 

Delay generation 502 is used to generate a pseudorandom 
coarse delay value and/or a pseudorandom ?ne delay value. 
Delay generation 502 can include a system 200 as described 
in FIG. 2 or a circuit 300 as described in FIG. 3 for generating 
the coarse delay component and/ or the ?ne delay component. 
Delay generation 502 can also employ a system 400 as 
described in FIG. 4. Delay generation 502 receives an input 
CONTROL for de?ning the parameters of the desired ran 
domiZed delays. For example, CONTROL can specify 
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8 
Whether a ?ne and coarse delay value are desired, or if only 
one of a coarse delay value or a ?ne delay value is desired. 

The coarse delay value is sent from delay generation to 
pulse generation logic 504. Pulse generation logic 504 gen 
erates a transmit delay TX value and a receive delay value RX 
based on the coarse delay value. Pulse generation logic 504 
can be implemented in hardWare, softWare or a combination 
of hardWare and softWare. 

Coef?cient generation 508 is responsible for generating 
the ?ne value coef?cients used by pulse delay DLL 506 for 
transmit and receive pulse delays. The ?ne value coef?cients 
are based on the pseudorandom number provided by pulse 
generation logic 504. Coef?cient generation 508 can be 
implemented in hardWare, softWare or a combination of hard 
Ware and softWare. 

The coarse TX and RX values are sent from pulse genera 
tion logic 504 to pulse delay DLL 506. Likewise, ?ne delay 
values are sent from coef?cient generator 508 to pulse delay 
DLL 506. Pulse delay DLL 506 performs the actual delays 
RX DELAY and TX DELAY based on the TX and RX values 
provided by pulse generation logic 504 and coef?cient gen 
eration 508. 
An aspect of employing random TX DELAY and RX 

DELAY values is mitigation of overlap in systems employing 
multiple devices. For example, a radar system (not shoWn) 
comprising a plurality of radars, can employ randomiZed 
pulse delays to minimize overlap, especially from nearby 
devices. Each device can operate independently, and by ran 
domly varying the pulses, the possibility of tWo devices trans 
mitting or receiving at the same time is reduced. 

FIG. 6 is a block diagram of a mapping system 600 in 
accordance With an aspect of the present invention. A map 
ping algorithm 602 receives a pseudorandom number 616. 
Mapping algorithm 602 also receives an interval siZe from 
ALU 604. ALU 604 determines the siZe of the interval based 
on the range of the LFSR 606 and the number of elements 608 
of the output set. The number of elements 608 can have a 
programmable input PROG so that variable number elements 
can be mapped. The output OUT of mapping algorithm 602 is 
an output value from a set of output values based on pseudo 
random number 616. 

Mapping algorithm 602 determines substantially equal 
intervals based on the siZe of the interval received from ALU 
604. ALU 604 determines the siZe of the substantially equal 
intervals based on the range of LFSR 606 generating the 
pseudorandom number and number of elements 608 of the 
output set. The intervals can be consecutive. For example if 
using a 12 bit LFSR and the desires number of output ele 
ments is tWo (0,1), if pseudorandom number 16 has a value 
betWeen 0 and 2047, then OUT is 0, and if pseudorandom 
number 16 has a value betWeen 2048 and 4095, then OUT is 
1. 

FIGS. 7 and 8 illustrate methodologies in accordance With 
an aspect of the present invention. While, for purposes of 
simplicity of explanation, the methodologies beloW are 
shoWn and described as executing serially, it is to be under 
stood and appreciated that the methodologies are not limited 
by the order shoWn, as some aspects may, in accordance With 
the present invention, occur in different orders and/ or concur 
rently from that shoWn and described herein. Moreover, not 
all features shoWn or described may be needed to implement 
the methodologies in accordance With the present invention. 
Additionally, such methodologies can be implemented in 
hardWare (e.g., one or more integrated circuits), softWare 
(e.g., running on a DSP or ASIC) or a combination of hard 
Ware and softWare. 
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FIG. 7 illustrates a method 700 for generating a pseudo 
random number in accordance With an aspect of the present 
invention. At 702, a pseudorandom number is generated. The 
pseudorandom number can be generated by a LFSR or any 
other pseudorandom number generator. At 704, the pseudo 
random number is mapped to an output value. The mapping 
provides a uniform distribution for a sequence of pseudoran 
dom numbers. 

By mapping, each pseudorandom number value is assigned 
to an output value from a set of output values. The set of 
output values can be a smaller set of numbers than the number 
of possible pseudorandom numbers. For example, the pseu 
dorandom number can be 12 bits or 4095 possible values, and 
the set of output values can contain tWo or more values. To 

map a 12 bit pseudorandom number to tWo values, pseudo 
random number values from 1-2047 can be assigned or asso 
ciated With the ?rst output value, and pseudorandom number 
values 2048-4095 can be assigned or associated With the 
second output value. As described herein, the intervals cre 
ated by the mapping at 704 may not alWays be equal. When 
the number of elements of the output set is not a poWer of 2, 
the siZe of the interval Will not be a Whole number. Thus, some 
intervals can be assigned at least one additional number to 
accommodate rounding errors. 

FIG. 8 illustrates a method 800 for generating a pseudo 
random sequence of numbers in accordance With an aspect of 
the present invention. In generating a pseudorandom 
sequence, it is desirable that the sequence is maximal (the 
sequence is random and doesn’t repeat often) and uniform 
(each number in the sequence occurs With substantially the 
same probability over an interval). 

lnitialiZing a tap selector is performed at 802. The tap 
selector is used to select taps of a pseudorandom number 
generator. The taps determine the sequence of the numbers 
generated by the pseudorandom number generator. When 
using the same seed value, by changing taps, different 
sequences of numbers can be generated. For example, When 
using an LFSR, the feedback taps are usually exclusive-or 
(XOR) gates coupled to one or more memory cells. The next 
value of the memory cell of the LFSR is the value shifted in 
exclusive-ORed With a value from another memory cell. To 
further improve the maximal quality of the sequence, the taps 
can be set pseudo-randomly by using another pseudorandom 
number generator. 

lnitialiZing a seed selector is performed at 804. The seed 
value is the ?rst value, or starting value for the pseudorandom 
number generator. Changing the seed value Will cause the 
sequence to start at a different point for the pseudorandom 
number generator. To further improve the maximal quality of 
the sequence, seed values can be selected by another pseudo 
random number generator. 

Generating a pseudorandom number is performed at 806. 
Because the number is pseudorandom, as opposed to truly 
random, the value of the pseudorandom number is a function 
of the tap setting and the seed value. For a typical pseudoran 
dom number generator, once a pseudorandom number has 
been generated it becomes the seed value for the next number 
unless the seed of the pseudorandom number generator is 
initialiZed again. 
At 808, the pseudorandom number generated at 806 is 

mapped to an output value. The mapping canbe performed by 
determining a set of intervals for the pseudo-randomly gen 
erated number by dividing the maximum range for the pseu 
dorandom generator used to generate the pseudo-randomly 
generated number by the number of elements in the set of 
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10 
desired output values. The mapping system can associate 
each output value from the set of output values With an inter 
val from the set of intervals. 

At 810, it is determined if the sequence is complete. If the 
sequence is complete (YES) then at 812 the method 800 ends. 
If the sequence is not done (NO) then processing returns to 
806 Whereupon the next pseudorandom number is generated. 
Alternatively, the sequence can return to 802 to change the tap 
settings for the pseudorandom number generator, and/or the 
sequence can return to 804 to change the seed value of the 
pseudorandom number generator. 
What has been described above includes examples and 

implementations of the present invention. Because it is not 
possible to describe every conceivable combination of com 
ponents, circuitry or methodologies for purposes of describ 
ing the present invention, one of ordinary skill in the art Will 
recogniZe that many further combinations and permutations 
of the present invention are possible. Accordingly, the present 
invention is intended to embrace all such alterations, modi? 
cations and variations that fall Within the spirit and scope of 
the appended claims. 
What is claimed is: 
1. A system for generating a pseudorandom delay, com 

prising: 
a ?rst linear feedback shift register for generating a pseu 

dorandom number, the ?rst linear feedback shift register 
comprises at least one tap and a variable seed value; and 

a mapping system con?gured to assign each pseudoran 
dom number value to a corresponding coarse delay 
value, the coarse delay value associated With an interval 
from a plurality of substantially equal intervals based on 
a range of the ?rst linear feedback register and a number 
of coarse delay values; and a pulse delay circuit coupled 
to the mapping system for generating a ?rst delay signal 
for controlling a signal receiver and for generating a 
second delay signal for controlling a signal transmitter. 

2. The system of claim 1, further comprising a tap selector 
linear feedback shift register to pseudo-randomly set the at 
least one tap of the ?rst linear feedback shift register. 

3. The system of claim 1, further comprising a seed selector 
linear feedback shift register to pseudo-randomly set the seed 
value of the ?rst linear feedback shift register. 

4. The system of claim 1, further comprising a second 
linear feedback shift register con?gured to provide a ?ne 
delay value, the ?ne delay value including a fractional portion 
of the coarse delay value. 

5. The system of claim 4, further comprising a control for 
selecting an output delay from the group consisting of the 
coarse delay value, the ?ne delay value, and a combination of 
the coarse delay value and the ?ne delay value. 

6. The system of claim 1, mapping system con?gured to 
assign each pseudorandom number value to a corresponding 
coarse delay value and a ?ne delay value, the ?ne delay value 
including a fractional portion of the coarse delay value. 

7. A system for generating a randomiZed delay for a plu 
rality of devices Where each device has an associated delay, 
each device comprising: 

a pseudorandom number generator for generating a 
sequence of pseudorandom numbers, each pseudoran 
dom number of the sequence of pseudorandom numbers 
corresponding to a delay factor, the pseudorandom num 
ber generator comprising: 
a pseudorandom number generator for generating the 

sequence of pseudorandom numbers; 
a mapping system for mapping each of the pseudoran 
dom numbers to a one of a discrete number of delay 

values; and 
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a system for pseudo-randomly generating at least one of a a ?rst pseudorandom number generator for generating a 
tap setting Value and a seed Value for each sequence of Coarse delay; and 
pseudorandom numbers; and a pulse delay circuit 
coupled to the mapping system for generating a ?rst 
delay signal for controlling a signal receiver and for 5 _ _ 
generating a second delay signal for controlling a signal nonal pomon Ofthe Coarse delay Value‘ 
transmitter. 

8. The system of claim 7, the pseudorandom number gen 
erator further comprising: * * * * * 

a second pseudorandom number generator for generating a 
?ne delay Value, the ?ne delay Value including a frac 


